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The demand for dyes with solvatochromic properties has increased in the last few years, mainly due to their wide range of applications in 
the analytical and industrial ﬁelds, such as in the textile industry. The phenomenon of solvatochromism is associated with the diﬀerential 
solvation of the ground and excited states of the solvatochromic compounds,  leading to  an important tool for  the study of  the nature 
of solute–solvent interactions. In this paper we report the synthesis of new bis(indolyl)methane derivatives bearing arylthiophene spacers 
(2a–d) functionalized with electron-donating and electron- withdrawing groups, and the photophysical studies in diﬀerent solvents, such as 
ethanol, acetonitrile, dichloromethane, trichloromethane, dimethylsulfoxide, diethylether and 1,4-dioxane. Aiming to explore their 
solvatochromic behavior in the ground and excited states, all solvents employed have diﬀerent hydrogen-bond donor abilities. The largest 
colour modiﬁcations were visualized for compound 2b, the solution colours of which are orange in DMSO, blue in trichloromethane, green 
in dichloromethane and purple in 1,4-dioxane. A negative solvatochromism was observed in 2b and positive one in 2a, 2c and 2d.
 
Introduction 
Over the years, a large number of studies have been conducted 
in order to discover the influence of the solvent on the chemi- 
cal and physical properties of the solute. The diﬀerent sol- 
vations of the ground and first excited states are associated 
with the solvatochromism phenomenon, which is an impor- 
tant tool for the study of the nature of solvent–solute inter- 
actions. Dyes with solvatochromic properties have been widely 
applied to investigate the solvent properties of ionic liquids1,2 
and/or solvent mixtures,3 and to detect low (below 50 ppm) 
concentrations of water in aprotic solvents.4 Studies with 
hemicyanine dyes are very relevant due to their application in 
the textile industry.5,6 
The strong hydrogen-bond donor capability of the indolyl 
group NH in bis-(indolyl)methanes can lead to an internal 
charge transfer (ICT) state, which is responsible for a wide 
range of colour changes. Thus, the hydrogen bonding ability 
of the indolyl group can be modulated by the donor H-atom of 
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the solvent and other guest species.7 As an example, Wang 
et al.8 reported a bis-(indolyl)methene which is a colorimetric 
sensor for aspartate and glutamate in  water.  The same 
authors9 published a simple tris-(indolyl)methene  able to 
detect fluoride anions, also by naked eye detection of the 
colour change from yellow to pink, based on proton transfer 
stages. Also, they reported that the introduction of an electron 
withdrawing or donating group at the indole moiety modified 
the acidity of the hydrogen bond sites, resulting in a positive 
eﬀect on the sensitivity and selectivity for anions. Following 
our  research  interest10   in  photophysical  and  photochemical 
studies of new emissive and chromogenic materials, herein we 
report the synthesis and photophysical studies of four novel 
bis(indolyl)methane derivatives bearing arylthiophene spacers 
(2a–d) functionalized with electron-donating and electron- 
withdrawing groups (Scheme 1), in diﬀerent solvents, such as 
ethanol, acetonitrile, dichloromethane, trichloromethane, 
dimethylsulfoxide, diethylether and 1,4-dioxane, all with 
diﬀerent hydrogen bond donor (HBD) abilities, with the 
purpose of exploring their solvatochromic behaviour in the 
ground and excited states. 
 
Experimental section 
General synthesis 
The reaction progress was monitored by thin layer chromato- 
graphy   (0.25   mm   thick   precoated   silica   plates:    Merck 
  
 
Fertigplatten Kieselgel 60 F254), while purification was 
eﬀected by silica gel column chromatography (Merck Kieselgel 
60; 230–400 mesh). NMR spectra were obtained using a Varian 
Unity Plus Spectrometer at an operating frequency of 300 MHz 
for 1H and 75.4 MHz for 13C or a Bruker Avance III 400 at an 
operating frequency of 400 MHz for 1H and 100.6 MHz for 13C 
using the solvent peak as an internal reference. The solvents 
are indicated in parentheses before the chemical shift values 
(δ relative to TMS and given in ppm). Melting points were deter- 
mined using a Gallenkamp apparatus. Infrared spectra were 
recorded using a BOMEM MB 104 spectrophotometer. Mass 
spectrometry analyses were performed at the “C.A.C.T.I.-Unidad 
de Espectrometria de Masas” at the University of Vigo, Spain. 
 
Synthesis  of  bis-(indolyl)methanes 2a–d 
KHSO4 (1.20 mmol)  was  added  to  a  mixture  of  indole 
(2.40 mmol) and  formyl  arylthiophene  precursors  1a–d 
(1.20 mmol) in dry methanol (10 ml), and the reaction mixture 
was stirred at room temperature for 7 h. Then water (10 mL) 
was added to quench the reaction, and the aqueous phase was 
extracted with trichloromethane (3 × 20 mL). The organic phase 
was dried with anhydrous MgSO4 and the crude compounds 
2a–d were purified by recrystallization from trichloromethane. 
3,3′-((5′-Phenylthiophen-2′-yl)methylene)bis(1H-indole) (2a). 
Pink solid (87%). Mp: 220.8–222.0  °C.  UV  (acetonitrile):  λmax 
nm (log ε) 292.0 (4.60). IR (Nujol) ν = 3383 (NH), 2920, 1593, 
1548, 1493, 1415, 1335, 1279, 1214, 1158, 1119, 1091, 1033, 
1006, 822, 793, 761 cm−1. 1H NMR (DMSO-d6) δ = 6.13 (s,   1H, 
CH), 6.86–6.91 (m, 3H, 2× H-5 and H-3′), 7.01–7.08 (m, 4H,  2× 
H-6 and 2× H-2), 7.21 (t, 1H, J = 7.5 Hz, H-4″), 7.30–7.36 (m, 
5H, H-5″, H-3″, H-2″, H-6″ and H-4′), 7.42 (d, 2H, J = 7.5 Hz,  2× 
H-7), 7.53 (d, 2H, J = 8.4 Hz, 2× H-4), 10.89 (s, 2H, 2× NH). 13C 
NMR (DMSO-d6) δ = 35.13 (CH), 111.52 (C2″ and C6″), 117.66 
(2× C3), 118.32 (2× C5), 119.07 (2× C7), 120.97 (2× C6), 122.84 
(C4′), 123.35 (2× C2), 124.83 (2× C4), 125.92 (C3′), 126.28 (2× 
C3a), 127.08 (C4″), 128.97 (C3″and C5″), 134.04 (C1″),    136.47 
(2× C7a), 140.92 (C5′), 149.53 (C2′). MS (EI) m/z (%): 404 (M+, 
100), 403 (36), 286 (42), 243 (27), 117 (21), 89 (10). HRMS: (EI) 
m/z (%) for C27H20N2S; calcd 404.1347; found 404.1347. 
3,3′-((5′-(4″-Methoxyphenyl)thiophen-2′-yl)methylene)bis(1H- 
indole) (2b). Dark pink solid (84%). Mp: 150.9–152.3 °C. UV 
(acetonitrile): λmax nm (log ε) 300.0 (4.30). IR (Nujol) ν = 3408 
(NH),  3053,  2920,  1617,  1558,  1505,  1337,  1235,  1214,    1151, 
1123, 1092, 1010, 743 cm−1. 1H NMR (DMSO-d6) δ = 3.73 (s, 
3H, OCH3), 6.09 (s, 1H, CH), 6.83–6.93 (m, 5H, H-3′, H-3″, H-5″ 
and 2× H-5), 6.99–7.07 (m, 4H, 2× (H-6 and H-2)), 7.15 (d,   1H, 
J = 3.6 Hz, H-4′), 7.32–7.47 (m, 6H, H-2″, H-6″and 2× (H-4   and 
H-7)),  10.87  (s,  2H,  2×  NH).  13C  NMR  (DMSO-d6)  δ  =  35.08 
(CH),  55.13  (OCH3),  111.51  (2×  C7),  114.35  (C3″and    C5″), 
117.74 (2× C3), 118.29 (2× C5), 119.07 (2× C4), 120.94 (2× C6), 
121.52 (C4′), 123.32 (2× C2), 125.74 (C3′), 126.19 (C2″ and C6″), 
126.29  (2×  C3a),  126.83  (C1″),  136.46  (2×  C7a),  140.98   (C5′), 
148.23 (C2′), 158.49 (C4″). MS (EI) m/z (%): 434 (M+, 100), 401 
(10),  319  (43),  302  (21),  274  (17),  243  (34),  117  (45),  89 (19). 
HRMS: (EI) m/z (%) for C28H22N2OS; calcd 434.1453; found 
434.1449. 
3,3′-((5′-(4″-N,N-Dimethylaminophenyl)thiophen-2′-yl)methylene)- 
bis(1H-indole) (2c). Green solid  (42%).  Mp:  138.9–140.6  °C. 
IR (Nujol) ν = 3409 (NH), 3054, 2925, 1640, 1608, 1518, 1233, 
1194,  1124,  1061,  1009,  957,  943,  807,  742  cm−1.  1H  NMR 
(DMSO-d6) δ = 2.87 (s, 6H, N(CH3)2), 6.07 (s, 1H, CH), 6.66 (d, 
2H, J = 9.0 Hz, H-3″ and H-5″), 6.79 (dd, 1H, J = 3.5 and 0.6 Hz, 
H-3′), 6.88 (dt, 2H, J = 7.5 and 0.9 Hz, 2× H-5), 7.01–7.06 (m, 
5H, 2× H-6, H-4′ and 2× H-2), 7.32–7.36 (m, 4H, H-2″, H-6″ and 
2× H-7), 7.42 (d, 2H, J = 7.8 Hz, 2× H-4), 10.87 (s, 2H, 2×   NH). 
13C NMR (DMSO-d6) δ = 35.09 (CH), 39.98 (N(CH3)2), 111.51 
(C2″ and C6″), 112.42 (C3″and C5″), 117.87 (2× C3), 118.28 (2× 
C5), 119.12 (2× C4), 119.94 (C4′), 120.94 (2× C6), 122.27 (C1″), 
123.31  (2×  C2), 125.60  (C3′),  125.76  (2×  C7), 126.33  (2×  C3a), 
136.47  (2×  C7a),  142.06  (C5′),  146.78  (C2′),  149.49  (C4″).  MS 
(EI) m/z  (%): 447 (M+, 79), 332 (100), 315 (25), 281 (30), 243 
(23), 207 (28), 165 (22), 117 (84), 90 (35). HRMS: (EI) m/z (%) 
for C29H25N3S; calcd 447.1769; found 447.1772. 
3,3′-((5′-(4″-Nitrophenyl)thiophen-2′yl)methylene)bis(1H- 
indole) (2d). Orange solid (90%). Mp: 116.5–118.0 °C. UV 
(acetonitrile): λmax nm (log ε) 370.0 (4.17). IR (Nujol) ν = 3409 
(NH),  3054,  2924,  1592,  1509,  1417,  1334,  1217,  1109,    1094, 
1010, 851, 790, 745 cm−1. 1H NMR (DMSO-d6) δ = 6.18 (s,   1H, 
CH), 6.90 (dt, 2H, J = 6.8 and 0.8 Hz, 2× H-5), 6.99–7.02 (m, 3H, 
H-3′ and 2× H-6), 7.09 (d, 2H, J = 2.0 Hz, 2× H-2), 7.35 (d, 2H, 
J = 8.0 Hz, 2× H-7), 7.41 (d, 2H, J = 8.0 Hz, 2× H-4), 7.61 (d, 1H, 
J = 3.6 Hz, H-4′), 7.79 (dd, 2H, J = 7.0 and 2.4 Hz, H-2″ and 
H-6″), 8.15 (dd, 2H, J = 7.0 and 2.4 Hz, H-3″ and H-5″), 10.91 
(s, 2H, 2× NH). 13C NMR (acetone-d6) δ = 36.62 (CH), 112.30 (2× 
C7), 119.08 (2× C3), 119.57 (2× C5), 120.11 (2× C4), 122.26 (2× 
C6),  124.34  (2×  C2),  125.05  (C3″ and  C5″),  126.16  (C2″ and 
C6″),  126.73  (C4′),  127.63  (2×  C3a),  127.65  (C3′),  137.94    (2× 
C7a),  139.87  (C5′),  141.79  (C1″),  147.01  (C4″),  154.30 (C2′). 
MS  (EI)  m/z  (%):  449  (M+,  40),  419  (79),  304  (58),  243  (50), 
117  (100),  90  (40).  HRMS:  (EI)  m/z  (%)  for   C27H19N3O2S; 
calcd 449.1198; found 449.1197. 
 
 
Spectrophotometric and spectrofluorimetric measurements of 
compounds 2a–d 
UV/Vis absorption spectra were recorded on a Perkin Elmer 
lambda 45 spectrophotometer and fluorescence on a Perkin 
Elmer L55. The linearity of the fluorescence emission vs. the 
concentration was checked in the concentrations used (10−4– 
10−6 M). A correction for the absorbed light was performed 
when necessary. The photophysical characterization was per- 
formed by a stock solution of compounds 2a–2d (ca. 10−3 M) 
dissolving   an   appropriate   amount   of   the   compound   in 
a 10 mL volumetric flask and diluting it to the mark with 
absolute ethanol, acetonitrile, dichloromethane, trichloro- 
methane, dimethylsulfoxide, 1,4-dioxane  and  diethylether. 
The stock solutions were then  diluted  till  10−5–10−6  M. All 
the measurements were performed at 298 K. Luminescence 
quantum yields were measured using a solution of quinine 
sulphate in sulphuric acid (0.1 M) as the standard [ϕF = 0.54]. 
All solvents used were of the highest  purity  and  were 
from Merck. The spectroscopic polarity parameters,    physical 
  
 
properties and polarity functions of the solvent used are pre- 
sented in Table 1. 
 
 
Results and discussion 
In order to compare the eﬀect of the electronic nature of the 
substituent at position 4 of the aryl moiety on the solvatochro- 
mic properties of chromophores 2a–d, formyl-derivatives con- 
taining electron-donor or electron-withdrawing groups (R = H, 
MeO, NMe2, NO2) at the arylthienyl moiety were used as  pre- 
photophysical properties of the solute, such as the dipole 
moment and polarization changes of the molecule in the 
ground and excited states, the solvent eﬀect can oﬀer relevant 
information. The dipole moment changes in the molecule in 
the excited state, with respect to the ground state, can be 
achieved  by  diﬀerent  methods  based  on    solvatochromism 
(internal electric field eﬀect).12,13  When the absorption   and/or 
emission bands of a compound change with the solvent 
polarity, they are called solvatochromic. It can be either posi- 
tive or negative, depending on whether a red or a blue shift 
is   observed   with   the   increase   of   the   solvent    polarity, 
14 
cursors. Indole and 5-phenylthiophene-2-carbaldehyde 1a were 
commercially  available  and  the  synthesis  of  5-(4-methoxy- 
respectively. 
One method used for quantitatively characterizing   solute– 
15 
phenyl)thiophene-2-carbaldehyde, 5-(4-(N,N-dimethylamino)- solvent  interactions  is the  Kamlet–Taft equation, in which 
phenyl)thiophene-2-carbaldehyde and 5-(4-nitrophenyl)- 
thiophene-2-carbaldehyde 1b–d has been reported by us 
recently.11a,b 
Thus, heterocyclic probes 2a–d with the arylthienyl moiety 
(bearing donor or electron-withdrawing groups) linked to the 
bis-(indolyl)methane system were synthesized in moderate to 
excellent yields (42–90%) in methanol at room temperature for 
7 h, catalysed by potassium hydrogen sulphate (Scheme 1).11c 
In the 1H NMR spectra of bis-(indolyl)methanes 2a–d, a broad 
singlet at about 10.17–10.89 ppm was attributed to the two NH 
groups in the bis-indolyl moiety. The NH was also identified 
by IR spectroscopy as a sharp band within the spectral region 
of 3383–3409 cm−1. 
Many chromophores show shifts in the absorption and 
emission bands in diﬀerent solvents, which could be due to 
diﬀerences in the solvent properties such as polarity, relative 
permittivity  and  the  solvent’s  polarization.  Looking  at   the 
 
 
 
Table 1 Spectroscopic polarity parameters, physical properties and 
polarity functions of selected solvents16 
 
 
 
 
 
 
 
 
 
ET (30): Reichardt empirical polarity parameter; ε: relative permittivity; 
n: refractive index; α: the solvent’s HBD acidity; β: the solvent’s HBA 
basicity; π*: the solvent’s  dipolarity/polarizability. 
the  absorption  and  emission  energies  are  correlated with 
diﬀerent solvent parameters by the following eqn (1): 
 
ν ¼ ν0 þ aα þ bβ þ pπ* ð1Þ 
 
where ν0 is the value of absorption and/or emission in a refer- 
ence solvent; α: the solvent’s hydrogen bond donor (HBD) 
acidity; β: the solvent’s hydrogen bond acceptor (HBA) basicity; 
π*: the solvent’s dipolarity/polarizability; and the parameters 
a, b and p (corresponding to the responses of the solute prop- 
erty to the solvent property) can be obtained through a multi- 
parametric fitting. 
In order to  estimate  the  dipole  moments,  the  absorption 
and fluorescence emission spectra of compounds 2a–d were 
obtained in diﬀerent solvents such as absolute ethanol, aceto- 
nitrile, dichloromethane,   trichloromethane,   dimethylsulfo- 
xide, 1,4-dioxane and diethylether. These solvents present a 
dielectric constant (ε) varying from 2.2 to 47.2 (see Table 1). In 
Table 1, the α, β and π* parameters of all solvents tested16 are 
summarized. 
The photophysical data, such as the maximum wavelength 
of absorption and emission bands, as well as the charge trans- 
fer bands of compounds 2a–d in the studied solvents, are pre- 
sented in Table 2. 
Concerning the same solvent, the insertion of electron- 
donating (OMe, NMe2) and electron-withdrawing (NO2) 
groups in compounds 2b, 2c and 2d, respectively, induced 
changes in the ground and excited states14 when compared to 
compound 2a. Fig. 1 shows the UV/Vis absorption and emis- 
sion bands of all compounds studied in acetonitrile, where a 
red  shift  is  observed.  In  the  absorption  band,  a  value    of 
   292 nm (2a) < 300 nm (2b) < 325 nm (2c) < 370 nm (2d) is  pre- 
sented (see Table 2 and Fig. 1), with the  largest  band  shifts 
being observed for compound 2d (Δλ = 78 nm) with an elec- 
tron-withdrawing group (NO2). However, in the emission band, 
a value of 420 nm (2a) < 365 nm (2b) < 400 nm (2c) < 450 nm 
(2d) is detected (see Table 2 and Fig. 1), with the longest shift 
being observed for compound 2d (Δλ = 30 nm) with an elec- 
tron-withdrawing group (NO2). The presence of lone pairs of 
electrons at the oxygen and  nitrogen  atoms  does  not  change 
the π–π* nature  of  the transition, but  aﬀects the energy   levels 
Scheme 1  Synthesis of bis(indolyl)methane derivatives 2a–d. of the n–π* transitions.14  The relative fluorescence    quantum 
Solv. εr n ET  (30) α β π* f (ε,n) g(n) 
EtOH 24.30 1.36 51.9 0.86 0.75 0.54 0.81 0.24 
CH3CN 35.94 1.34 45.6 0.19 0.40 0.66 0.65 0.23 
CH2Cl2 8.93 1.42 40.7 0.13 0.10 0.73 0.59 0.28 
CHCl3 4.89 1.44 39.1 0.20 0.10 0.69 0.49 0.30 
DMSO 47.24 1.47 45.1 0.00 0.76 1.00 0.84 0.32 
Ether 4.34 1.82 34.5 0.00 0.47 0.24 0.12 0.53 
Dioxane 2.22 1.42 36.0 0.00 0.37 0.49 0.04 0.28 
 
  
 
Table 2 UV/Vis absorption and emission wavelengths of 2a–d in absolute ethanol, acetonitrile, dichloromethane, trichloromethane, dimethylsulf- 
oxide, 1,4-dioxane and diethylether 
 
Cpd. 2a   2b   2c   2d  
Solv. λAbs (nm) λEmis. (nm)  λAbs (nm) λEmis. (nm)  λAbs (nm) λEmis. (nm)  λAbs (nm) λEmis. (nm) 
EtOH 292 390  300 
430a 
365  325 390  370 450 
CH3CN 292 450  300 
440a 
365  325 400  370 450 
CH2Cl2 292 372  300 
470a 
365  325 395  370 450 
CHCl3 292 
450a 
365  300 
485a 
375  330 
415a 
400  370 455 
DMSO 292 455  300 
450a 
386  330 405  374 450 
Diethylether 292 368  300 362  325 386  365 450 
1,4-Dioxane 292 
440a 
370  300 
520a 
363  320 386  370 
510a 
450 
a Charge transfer bands. 
 
 
 
 
Fig. 1 UV/Vis absorption and emission spectra* of 2a, 2b, 2c and 2d in 
acetonitrile ([2a–d]=1× 10−5 M, T = 298 K, λexc(2a–d) = 292 nm, 300 nm, 
325 nm, and 370 nm,  respectively). 
 
 
 
yield of compounds 2a–2d was measured in all solvents 
studied using a solution of quinine sulphate in sulphuric acid 
as a reference. 
Fluorescence quantum yields were found to be ca. ϕ = 
0.01–0.06 for 2a, ca. ϕ = 0.01–0.07 for 2b, ca. ϕ = 0.03–0.30 for 
2c and ca. ϕ <  1 × 10−3 for 2d. As can be seen, the highest 
values of fluorescence quantum yield were obtained for com- 
pound 2c with a dimethylamino group and the lowest for 2d 
with a nitro group. 
Compounds containing electron-withdrawing groups, such 
as 2d, have a low-lying n–π* excited state and thus exhibit low 
fluorescence quantum yields, due to a non-radiative process.14 
In compound 2c, the transitions corresponding to the pro- 
motion of an electron from an n orbital to a π* orbital are 
more intense than the n–π* transitions involving the  lone 
pairs at the nitro group, which justifies the highest fluo- 
rescence quantum yield observed. 
Concerning the diﬀerent solvents, compound 2a shows an 
absorption band at ca. 292 nm and in apolar solvents such as 
trichloromethane and 1,4-dioxane a charge transfer (CT) band 
at 450 nm and 440 nm is observed, respectively. A colour 
change from colourless to yellow (1,4-dioxane) and/or orange 
 
 
 
 
Fig. 2 Solution colours of 2a–d, dissolved in absolute ethanol, aceto- 
nitrile, dichloromethane, trichloromethane, dimethylsulfoxide, 1,4- 
dioxane and diethylether ([2a–d]= ca. 3× 10−4 M). 
 
 
 
(trichloromethane) is also identified (Fig.  2).  In  relation to 
the emission, a change in the maximum band from 365 nm 
(trichloromethane) to 455 nm (dimethylsulfoxide) could be 
seen (Fig. 3A and Table 2). 
Compound 2a in the most apolar solvents has an emission 
band at ca. 365 nm, and with the solvent polarity increase, 
a red shift in the emission  band  to  390  nm,  450  nm  and 
455 nm for ethanol, acetonitrile and DMSO, respectively, is 
detected. In this case a positive solvatochromism is observed 
(Fig. 3A). 
A hypsochromic shift (blue shift) of the CT absorption 
bands in compound 2b with the solvent polarity increase is 
observed, whereas the CT maximum absorption band   appears 
  
exc(2a–d 
Þ 
 
Compound 2c is practically not aﬀected in the ground state 
with the polarity of the solvent, presenting an absorption band 
centered at ca. 325–330 nm, with the exception of trichloro- 
methane in which  a  CT  band  at  415  nm  and  a  red  color 
is observed (Fig. 2). In the emission spectra a bathochromic 
shift is detected with the  solvent’s  polarity  increase,  being 
the maximum of the emission band centered at ca. 386 nm 
(diethylether, 1,4-dioxane) < 390 nm (ethanol) < 395 nm 
(dichloromethane) < 400 nm (trichloromethane, acetonitrile) < 
405 nm (DMSO) (Fig. 3C). Furthermore, compound 2d, in a 
similar manner to compound 2c, is practically not aﬀected in 
the ground state, presenting an absorption band around 365–
374 nm, as well as in the emission spectra where a weak 
emission is observed centered at ca. 450 nm  in all  solvents. 
On the other hand, in the most apolar solvent, 1,4-dioxane, it 
presents a CT band at ca. 510 nm, giving a red color in this 
solvent (Table 2 and Fig. 2). 
Overall, regarding the solvatochromic eﬀect in the excited 
state (see Fig. 3), the most pronounced was observed for com- 
pounds 2a, 2b and 2c where a red shift in the emission was 
obtained for 2a and 2c, and a blue shift in the absorption for 
2b, with the solvent polarity increase. Considering these 
results, the multiparametric fitting of the Kamlet–Taft eqn (1) 
was carried out using the solvent parameters listed in Table 1 
for all solvents. Based on this fitting a linear plot of νexp versus 
νcalc was determined for compounds 2a–2c; the fitted para- 
meters are presented in Table 3. 
The p values in Table 3 show that the contribution of di- 
polarity/polarizability decreases the stabilization of the excited 
state of the compounds from 2c, 2a to 2b, where 2b is the most 
unstable and 2c the most stable in the excited state. Looking at 
coeﬃcient a, compounds 2a and 2c are less negative than 2b, 
suggesting stabilization of excited states for 2a and 2c. 
The dipole moments in the ground and excited states were 
estimated taking into account the theory of Kawski et al.18 
which can be defined by: νa − νf = m1 f (ε, n) + constant and 
νa + νf = m2 [f (ε, n) + 2 g(n)] + constant, whereas νa and νf are 
the    band    absorption    and    emission    frequencies (cm−1); 
Fig. 3 Emission spectra of 2a (A), 2b (B) and 2c (C) in the absolute 
ethanol,  acetonitrile,  dichloromethane,  trichloromethane, dimethylsulf- 
2n2 þ 1 
r
ε - 1 
f ðε; nÞ¼ 
n2 
- n
2  - 1
l
 is the  solvent  polarity para- 
oxide, 1,4-dioxane and diethylether ([2a–c] =  1  ×  10−5 M,  T  =  298 K, þ 2   ε þ 2 n2 þ 2 2 
λ ) = 292 nm, 300 nm, 325 nm, and 370 nm,   respectively).  3 
"
 n4 - 1 
#
  2ðμ e  - μg Þ   
   meter   and   gðnÞ¼ 
2
 
 
 
ðn2 þ 2Þ
2
 
with   m1 ¼ hca2 
and 
at 430 nm (EtOH) < 440 nm (CH3CN) < 450 nm (DMSO) < 
470 nm (CH2Cl2) < 485 nm (CHCl3) < 520 nm (1,4-dioxane). 
 
m2 ¼ 
 2ðμ e  - μg   
2
   
hca2 
; h  is Planck’s  constant, c  the velocity of   light 
In the emission spectrum, no relevant changes are shown, 
with the emission located at ca. 365 nm for most solvents,  and 
375 nm for  trichloromethane  and  386  nm  for  DMSO  (see 
Fig. 3B). The strong modifications in the absorption of 2b are 
also naked eye detectable, in which diﬀerent colours are visual- 
ized, such as orange in DMSO, blue in CHCl3, green in   CH2Cl2 
in vacuum, ε the permittivity and n the refraction index, μg and 
μe the dipole moments in the ground and excited states. If the 
 
 
 
Table 3 ν0, a, b and p-values, in cm
−1, slope and correlation coeﬃ- 
cients obtained from the Kamlet–Taft multiparametric ﬁtting of the 
absorption (2b) and emission data (2a, 2c) 
and   purple   in   1,4-dioxane   (Fig.   2).   The   negative   solvato- 
chromism  for  compound  2b  can  be  explained  assuming  that 
   
Compound 
 
ν0  (cm
−1) 
 
a (cm−1) 
 
b (cm−1) 
 
p (cm−1) 
 
Slope 
 
r2 
the transfer of charge in the CT excited state is antiparallel to        
 2a 25 642 −4221 11 307 −9573 1 0.73 the  ground  state,  meaning  that  the  excited  state  has  a  lower 2b 33 149 −6436 1241 −12 381 1 0.87 
dipole moment than the ground state.17 2c 27 073 −3613 −1914 −985 1 0.99 
 
  
 
ground and excited states are parallel,19 the dipole moment of 
molecules in the ground and excited states can be determined 
by the equations 
 m2 - m1 
1
hca2
11=2
 
higher compared with the excited state, and with the other 
compounds, which justifies the larger negative solvatochro- 
mism shown by compound 2b, as well as the strong colour 
changes in the diﬀerent solvents studied. 
 
 
and 
μg ¼ 
2
 
 
 
2m1 
ð2Þ 
 
Conclusions 
 m2 þ m2 
1
hca2
11=2
 Novel bis-indolylmethanes 2a–d bearing functionalized 
μe ¼ 
2
 2m2 
: ð3Þ arylthiophene spacers were synthesized in moderate to excel- 
lent yields through a simple synthetic procedure and a   simple 
The  ground  and  excited  state  dipole  moments  for  com- 
pounds 2a and 2c were determined through the linear curve 
fitting of νa − νf and νa + νf as a function of f (ε, n) and f (ε, n) + 
2 g(n). The data were fitted to a straight line and the resulting 
slopes lead us to the m1 and m2  values.  The  dipole  moments 
were then calculated considering the above equations and are 
summarized in Table 4. According to Table 4 the values of μg2a = 
1.78 D, μe2a  = 6.82 D (Δμ = 5.04 D), μg2c  = 3.60 D, and μe2c  = 
5.48 D (Δμ = 1.88 D) were obtained. The values obtained indi- 
cate that compounds 2a and 2c have excited state dipole 
moments (μe) higher than those in the ground state (μg). This 
fact means that compounds 2a and 2c are more polar in the 
excited states when compared to the ground states. The higher 
dipole moments in the excited state could suggest the appear- 
ance of a relaxed intramolecular charge transfer (ICT) state. 
Such a solvent relaxation explains the increase in the red shift 
of the fluorescence spectrum with the solvent polarity 
increase.14 
Since compound 2b presented a strong negative solvato- 
chromism whereas the transfer of charge in the CT excited 
state is antiparallel to the ground state (the excited state has a 
lower dipole moment than the ground state), the dipole 
moments were calculated according to the  Lippert–Mataga 
eqn (4).14 
purification methodology and completely characterised. 
The solvatochromic studies showed that the largest colour 
modifications were visualized for compound 2b, whereas 
colours of orange for DMSO, blue for trichloromethane, green 
in dichloromethane and purple for 1,4-dioxane were observed. 
Apart from compound 2b, all other compounds showed a posi- 
tive solvatochromism. The strong colour changes and a large 
negative solvatochromism in 2b are in agreement with the 
dipole moment in the ground and excited states, whereas a 
value of 14.5 D and 1.30 D for μg and μe (Δμ = 13.2 D) was 
obtained. Thus, as expected, the ground state dipole moment 
value is really higher when compared with the excited state, 
and with the other  compounds. 
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